For many years the timing reference for most television equipment has been a "colour black" or "black-burst" signal 
Introduction
This paper is an Engineering Report of the Society of Motion Picture and Television Engineers (SMPTE) intended to inform the industry of work proceeding within SMPTE Engineering Committees. It is presented at IBC with the permission of the Engineering Vice President of SMPTE, and of the Chair of the Systems Technology Committee. It describes work in progress, not agreed Standards, and represents a snapshot as of May 2001. The conference presentation will include a report on progress to date.
The History
In the early days of television a variety of signals were distributed for purposes of synchronisation. Almost all monochrome equipment needed feeds of "mixed blanking" and "mixed syncs" containing both line and field components. The blanking signal generally operated directly to gate the raw video signal, then an attenuated version of the sync signal was added directly to form the composite output. Most equipment had little timing circuitry, so to generate the video separate "line drive" and "field drive" signals were used (and some equipment needed an earlier line drive than others). The advent of colour required the addition of subcarrier, and of a gating signal for the colour burst. PAL equipment also needed an axis-switch signal. So, the state of the art around 1970 required a station to distribute six or seven signals to all equipment, maintaining precise timing relationships for all feeds to all equipment.
During the 1980s more complex circuitry became practical and affordable and there was a gradual change to a distribution of a single signal for synchronisation. Approaches such as Grass Valley Group's encoded subcarrier enjoyed some popularity, but no proprietary system achieved widespread acceptance. Colour black was a signal necessary for many purposes, and is suitable for synchronisation, so for many years the standard timing reference signal for television equipment has been a colour black signal of the appropriate standard.
Other signals, such as tri-level sync have been used in special environments such as HDTV, but even here current practice is to use colour black for equipment operating at 50.00 Hz or 59.94 Hz.
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The use of colour black as a reference signal for synchronisation was formalised by SMPTE, first as RP174 in 1994, and later as SMPTE Standard 318M in 1999. This Standard, developed by the Committee on Systems Technology, includes extensions to the standard to accommodate needs such as audio synchronization, but the essence of the reference has not changed in decades.
Reasons for Change
In the main there has been no substantive change in the reference signal because there has never been an alternative suggested that was sufficiently compelling to drive a change in established practice. However, a number of issues make it appropriate to look for alternatives for the future.
• It would be beneficial if a single signal could be used for all equipment.
• In a world where NTSC, PAL, and SECAM will disappear, it seems strange to base equipment timing on colour subcarrier frequencies that were derived in the 1950s and 1960s for reasons that have no relevance to today's component video operations.
• The stability that may be derived from colour black may not be adequate for future requirements.
• It is at least possible that at some point in the future the North American world will move from 59.94 Hz (actually 60/1.001 Hz) to true 60 Hz operation. The existing colour black signal is not suitable for 60 Hz operation.
• There is a need for operation of video systems at a frame rate of 24.00Hz. The existing colour black standards do not easily support this rate.
• Most importantly, in a world of global communication many facilities need to operate with signals of more than one standard. Today, such a facility must distribute multiple reference signals and, generally, switch both reference and equipment to the required standard.
Requirements for a Reference
In these days of economical high-density integrated circuits, frequency synthesisers, etc., the requirements are actually very simple. We need a frequency reference that can be used to lock a local oscillator, and an accurate start point for a repeating sequence. For example, in PAL systems, we need to indicate the start of an 8-field sequence. However, once this "start point" arrives, assuming no disturbance and an adequate frequency reference, the local generator can then continue indefinitely.
For a practical system we would add certain other requirements. Given the need for equipment start-up, and the possibility of disturbance, it is clearly sensible to repeat the "start point" signal on a regular basis. It is convenient to define a signal that can be easily distributed though existing low-cost infrastructure, and that will survive multiple loopthrough connections. It is also convenient if the signal can carry a time-of-day indicator, and can be used to lock audio equipment for unambiguous audio-video synchronisation.
For a multi-standard facility, only one master reference frequency is required, but we need some way of defining the "start point" for any audio or video standard that may be used. A good design would accommodate future standards (perhaps higher frame rates) without the need to pre-define those standards.
The EBU / SMPTE Task Force (1) and the ATSC "Top Down" report (2) both identified the potential advantages of using a global time reference for synchronising purposes. In practice, the use of a time signal for video synchronisation is more complex than it might appear-some of the reasons are mentioned below. However, it is clearly advantageous to supply a time signal as part of a reference signal, and both time signal and reference should be derived from the same master source. A widely available source such as GPS could be used as a master.
Why Not a Digital Reference?
A common suggestion is to adopt a "digital reference." In one sense this is inevitable; the reference for the digital world must be designed to support that world. However, digital signals in themselves tend not to have the desired characteristics for use as a synchronisation reference. As discussed above, the principal requirements are a stable frequency reference and an accurate "start point"; in fact all the critical information would be derived from the analogue aspects of a digital signal, and these are generally poorly defined. Digital signals are frequently re-clocked in distribution; this further complicates the use of defined points in the signal for reference.
This does not argue against the use of digital techniques for coding the required information onto an analogue signal; in fact some approach of this nature this is almost inevitable. However, it seems that the best frequency reference and timing precision can be derived from multiple zero crossings of an analogue carrier. (It could also be argued that the very discussion is fallacious. At the receiving point of a transmission "digital" and "analogue" represent merely different techniques for interpreting the received analogue signal.)
The "Big Bang" Solution
In recent months significant progress has been made within the SMPTE committee. The details are not all resolved, but there is a large body of opinion that a sensible route to the future has been found.
The concept, advanced initially by representatives of Leitch Technology, is to transmit an accurate count of elapsed time from some agreed zero point, the "big bang". The elapsed-time count is known as the Absolute Time Reference, or ATR, and the big-bang time is known as ATR Zero. We then define the state or starting point for each standard at ATR Zero. As an example, the ATR Zero point for PAL is proposed as the 50% point of the falling edge of sync on Line 1, Field 1, start of Colour Frame. Given these definitions, a sufficiently precise value of ATR will define unambiguously the position in the colour frame sequence of a PAL signal at any point in time.
(In a practical installation, there will be the need for offsets, but it is anticipated that these will generally be handled within the equipment being synchronized.) Similarly, a definition is needed for the position or state of each video standard at ATR Zero.
The proposed scheme is clearly future-proof. When any new standard is adopted it is necessary and sufficient to define the state at ATR Zero, and the formula required to calculate future states. Equipment that needs to support the new standard would derive synchronizing information from this published information, and from the current ATR value.
By its very nature, the ATR signal can be used as a time reference, and can be derived from a time reference such as GPS. In fact, the ATR value is equivalent to the value of International Atomic Time (TAI), and uses the same zero point, namely 00:00 GMT on January 1st, 1958. Note that this is not the same as Coordinated Universal Time (UTC). UTC is modified from TAI by the addition or subtraction of leap seconds to take account of variations in the earth's rotation. Leap seconds in the ATR value would destroy the ability to synchronise all standards as some do not repeat over a onesecond interval. For this reason, the proposed ATR data format carries a count of leap seconds to enable UTC (or any local time derived from UTC) to be displayed or used. This is one of the many details that make the design of the ATR data format more complex than might be deduced from the simplified explanation above.
The complexity does not end there; time, timecode, and ATR are all different. All are related, but the relationships are not as simple as they might appear. Linguistic precision is needed when discussing these topics, and Standards documents need to be carefully crafted and accompanied by good tutorial material. This helps to explain the length of time needed to complete standards work in this field.
The ATR Transport
This is an area of much greater controversy. The problem of reaching a general consensus is related to a point made earlier in this paper. For a new standard to be meaningful, it has to be adopted. With a signal so fundamental to the operation of a facility, some form of backward compatibility is essential to make introduction practical.
At time of writing it appears that the only form of transport likely to achieve widespread acceptance is a colour black signal. This means that there would still need to be two versions of the reference signal, one to support legacy NTSC equipment, and one to support legacy PAL equipment (and present-day component equipment that uses the NTSC or PAL reference). This is certainly a pre-requisite to backward compatibility and should not present a practical problem.
Committee participants have explored various scenarios for the use of a colour black signal as the transport for ATR data. There are many ways in which this could be achieved, and most would meet the objective of permitting operation at any television standard from a single reference. And, as noted above, the ATR concept is inherently future-proof. In the current proposal the ATR is implemented by transmitting a pulse-coded value in the vertical interval, and by defining a point in the colour black signal that is the "instant" corresponding to that value.
The greater difficulty lies in meeting the remaining objectives-improving the available stability, and removing dependence on "difficult" subcarrier frequencies. Assuming a common master oscillator frequency of 5 MHz, the NTSC and PAL subcarrier frequencies are given by:
With modern integrated circuits these ratios are achievable, but they are certainly not convenient. As we move into a world where NTSC and PAL will eventually disappear, these frequencies will have no ongoing relevance to television operations. To generate these frequencies solely for the purpose of regenerating a master oscillator frequency is not an elegant solution.
More significant, however, is that the colour black signal provides only small samples of these frequencies. It is possible to build genlock circuits that rely only on the edges of the synchronising pulses, but better stability can be obtained by using the multiple zero crossings of the subcarrier burst. This improved stability is achieved despite the fact that the effective duty cycle of the reference frequency (subcarrier) is less than 4%, and that every field there is a period of around half a millisecond with no burst. It would seem that a new reference signal should be able to improve upon this.
However, proposals to date that allow for improved stability have relied on placing a new reference carrier in the "active video" part of the reference signal. This approach still suffers from the problem of lack of the reference frequency during vertical interval; in fact this gap is approximately twice as long as the no-burst period. This mechanism also destroys a part of the desired backward compatibility. In many plants colour black is used not only as a timing reference, but also as a true "black video" signal, particularly for recording "striped" videotapes for use as editing masters. 
Conclusions
It will be clear from the above discussion that the "perfect" solution has not yet been found, and may be unattainable. Nevertheless, there is a strong consensus that the concept under discussion represents the correct path to the future, even if an immediately acceptable transport implementation may involve some compromise. As always with standardisation work, "the devil is in the details."
